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Fluorescence and phosphorescence spectroscopy
* Flow cytometry
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Raman Spectroscopy
* Surface-enhanced raman spectroscopy (SERS)
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Mass spectrometry
* Fast atom bombardment (FAB)

» Electrospray ionisation (ESI)

* Matrix-Assisted |laser  desorption and
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ionisation (MALDI) ey SeoS a3 55 gy °
o X-ray fluorescence spectroscopy (XRF) oSl andh il gl i il @
o X-ray diffraction (XRT)
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Thermal methods of analysis
* Thermogravimetrid analysis (TGA)
= Differential scannirfg calorimetry (DSC)

Differential thermal analysis (DTA)
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Determination of partijle size and morphology
* Transmission electron microscope (TEM)
* Scanning probe mi¢roscopy (SPM)
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» Measurement of coating layer thickness (WY) tdgs Cualbed 5,08 ojloil glo by, ®
+ Ellipsometry

* Reflectometric  interference  spectroscopy
(RIfS) NN

*  Quartz crystal mictobalance (QCM) S 5l o b
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» Porosity measurement techniques JRS oS ol sla b,
Absorption-based methods (Brunauer—
Emmett-Teller (BET) Theory ) . )
Diffraction-based methods (small angle X-ray | % & o= s T8 By 5 (o5 slociy,
scattering (SAXS)) (Sess
Image-based methads
Scanning electronsmicroscope (SEM)
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» Visit the analysis laboratories of universities and g e g b olBtily (£50LT (gl olRiuleyl 5honosl @
research centers
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Mikkelsen, S. R., & Cortén, E. (2016). Bioanalytical chemistry. Hoboken, NJ: John Wiley & Sons.
Wang Jing, and et all, (2016). Analytical methods for nano-bio interface interactions, Science China
Chemistry,
Lawrence, M. Anoyitz, David R. Cole, (2015) Characterization and Analysis of Porosity and Pore
Structures, Reviews in Mineralogy & Geochemistry, 80, 61-164.

Allen, T. (2012). Pa}'licle Size Measurement. Springer Verlag.

Kim E. Sapsford and et all, (2011). Analyzing Nanomaterial Bioconjugates: A Review of Current
and Emerging Purification and Characterization Techniques, Anal. Chem., 83, 4453—4488.

Wilson, K., Walkeljs, J. (2011). Principles and techniques of biochemistry and molecular biology.
Cambridge: Cambridge Univ. Press.
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*  Overview abd SleMb! y 50 @
*  The world of smal] d1mensu_)ns . olaie o slos ®
» Nanoscale properties (electrical, optical, ) ' Lo _
chemical) (Rleos «5)58 o508 wloda ol 0> )0 el *
* Nanoscale visualization techniques (TEM, gl wleio o pluld glo 2, ¢

SEM, Cryo-SEM, AFM, STM)

* Engineered nanomaterjals 00D iige dlge gl @
e Carbon nanomaterials (fullerenes, graphene, (LI g gl o35 1 J53) gy Olgo b ®
nanotubes, nanpfibers)
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¢ Metal nanoparticles (synthesis, properties (o 22015 3 crlys 122le) 536 4,3 5

and applications) (Lo 0,515 5 ol (il (pmaloliso S5 06 ¢
e Magnetic nanoparticles (synthesis, rale JUis )8 o cagilsS bl ¢
properties and apphc.atlons) (g odyis) Sl ol Slga @
Quanatum dotsi liquid crystals
+ Nanoporous materials (metalic,zeolite,
MOFs)
¢ Bionanostructures o ksl giliyy o
" Nanoubes e
’ s aly) il @
» Nanocellulose ¥y
» Biological nangmachines Pl sl
e Ribosomes, S PR PR
o Pl‘lotosynthesis systems, P
¢ Bionanomotors
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¢ Microfabrication r%ethods (photolithography, o5 LTy LT s cole 55 b by,

soft lithography,replication) (a5
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s~ Namofahrication methods (top-down




approaches)
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Nanotechnology by self-assembly
¢ (bottom-up approach):principles,
thermodynamics, interactions, properties

Supramolecul
e Protein nanote

r selfassembly

hnology

e DNA nanotechnology
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Microfluidics and
surface tensior
capillarity )7
Reynolds num
Diffusion
Viscosity
Nanopores and
Debye length,

anofluidics:
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nanocapillaries
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Diffusion in solid ¥hase and drug delivery
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Biological and medical microdevices:

» Lab on chips
» QOrgan-onchips

¢ Biosensors (fabrication, functionalization,

applications)
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Nanotechnology sdfety and the environment
Impact of nanotechnology on society and
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Ramsden, J. (2016)
Rogers, B. Adams,
Press.

Dong, H. Hu, W. (2013). Organic Nanomaterials. In Springer Handbook of Nanomaterials. Vajtai,
rlin Heidelberg: pp 905-940.
). Protein Nanotechnology: Protocols, Instrumentation, and Applications.
imana Press: Totowa, NJ.

R., Ed: Springer B¢
Gerrard, J. A. (2011
Second Edition: Hy

. Nanotechnology: An introduction. Norwich: William Andrew.
J. Pennathur, S. (2015). Nanotechnology Understanding small systems. CRC




Renaud, L. (2012). Microfluidics: Manipulation of Nanovolume Samples in Chemical Sensors and
Biosensors. John Wiley & Sons, Inc.: pp 293-311.

Marie, R. Kristensen, A. (2012). Nanofluidic devices towards single DNA molecule sequence
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Vlassiouk, 1. Smirnov, S. (2009). Biosensing with Nanopores. In Biosensing Using Nanomaterials.
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Brydson, R. M. Hammond, C. (2005). Generic Methodologies for Nanotechnology: Classification
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¢ Advanced Ab initio 1rrethods, density poileS g JB onl eyl azd i, Ab initio gledy, o
functional theory and solid state quantum el b Sl
mechanics ' T

» Empirical force field models: molecular 95 Sle 1 o1y35 g5 e sleJte @
mechanics sas s

Bond stretching o ’H
Angle bending 8 augly s
Torsional terms T 080
Improper torsion il 8555

Electrostatic interaction

. . Slaly 281 s

Van der Waals interaction <5ty 251 2
Hydrogen bonding wdlgyally A5 omy
Force field models 530 g
Force field parameterization -
Yowe el Jue

United atom force figlds _ ”_'ﬂ whe e _LJ
All atom force fields 95 Sligloee )5 o2l g
Coarse grained forcq fields S il 59 (5lealne
Force fields for inorganic molecules
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Force fields for biomolecules
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Hybrid quantum/classical mechanics p3lyS Sl S Sl e @




Molecular dynamics simulations

nanomaterials

Molecular dynamics simulations of

Molecular dynamics simulations of protein

and membrane proteins

acids

» Molecular dynamic¢s simulations of nucleic
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Caleulation of binding

free energies
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* The use of molecular imodelling to discover

and design new mole

les

s Molecular modelling in drug discovery

» Computer representations of molecules
and biomolecules

* Molecular docking

»  Structure-based

de novo ligand design
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1- Liwo, A. (2019). Computational methods to study the structure and dynamics of biomolecules and
biomolecular processes: From bioinformatics to molecular quantum mechanics. Cham: Springer.
piwok, V., Mannhold, R., Buschmann, H., & Holenz, J. (2018). Biomolecular

2- Gervasio, F. L.,

Simulations in Strjpcture-based Drug Discovery. Weinheim: Wiley-VCH.
olecular modeling of proteins. New York: Humana Press.

3- Kukol, A. (2015).

4- Haile, J. M. (2010). Molecular dynamics simulation: Elementary methods. New York: Wiley.
5- Haile, J. M. (2010). Molecular dynamics simulation: Elementary methods. New York: Wiley.
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Introduction

Preliminary definiti
History
Advantages of biom
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BioMEMS materials

Silicon and silicon com
Metals

Polymeric materials
Biomaterials
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Microfabrication proces

Lithography
Etching
Deposition
Micromachining
Micromolding
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Micropatterning of subs
* Interaction between
biomolecules

Physisorption versus
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« Self-assembled mg
*  Cross-linkers

nolayers

odilbebmogs slo 4Y S5 o
oyt slosazas Jlail e

Devices and components for bio-MEMS

*  Microchannels

* Micropumps

*  Microvalves

*  Micromixers

*  Microflowsensors
*  Microchambers

* Microheaters

*  Microelectronic Circuits for Readout

st (SeilSiag 28Ny S (sla aloles (gli2 5 Lol

Llllsg, S+
loys e

bodzm )39,50e

M le Sy Soe 0
laaliiznes Son v

9 B aaniS 55 e
s (8l (59 AW S syl

Applications

*  Miniaturized biosen

* Lab-on-a-chip and micro total analysis

systems
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* Protein microarrays

* DNA microarrays

+ Tissue engineering devices

*  Drug delivery devices

* Cell-based chips (cell sorting, cell
trapping)
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Applications. Joln Wiley & Sons.

Folch, A. (2016). Introduction to bioMEMS. CRC Press.
Dixit, C. K., Kaushik,
Springer.
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Song, Y., Cheng, D. & Zhao, L. (Eds.). (2018). Microfluidics: Fundamentals, Devices, and

Choudhary, V., & Iniewski, K. (2016). Mems: fundamental technology and applications. CRC Press.

Bhansali, S., & Vasude
Madou, M. J. (2011).
applications. CRC Press.

, A. (Eds.). (2012). MEMS for biomedical applications. Elsevier.
rom MEMS to Bio-MEMS and Bio-NEMS: Manufacturing techniques and

Lee, K. B. (2011). Pringiples of microelectromechanical systems. John Wiley & Sons.

Saliterman, S. S. (200¢
Wiley-Interscience.
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* The chemistry of reactive groups N

. . ( J0a3) ._J..':‘(,.....S"'l (P e *
Amine reactiong Ju 5 sle 095
Thiol reactions el gl 2515 0

Carboxylate rea§tions Jssd gl 251y ©

Hydroxyl reactions Sl SolaS 408 slo 251y ©
Aldehyde and ketone reactions ) ) i_“ o ’ o
Cycloaddition reactions S sl 5y
s
o

0O 0O 000

unctional targets o555 aull ol sl
Modification of amino acids, peptides, and 4l elo STy

proteins Ban cls s Jale ela o .
Modification of sugars, polysaccharides, sto Jslye o ole sl 05,8

and glycoconjugates b (s g Wadeiy dodelyinal 23l
Modification of nucleic acids and $93595 5%l ZYLasl 5 lowy, 5l Ly doaid 25l
oligonucleotides L

Creating specifi¢ functionalities .l SIS
Blocking speciﬁE functional groups gt gisfell g laage] Sl ko
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J Bioconjug_ate reagents - oy DY Ll (gl KicSly @
. Cross_lmkers (zerlo-, homo-, hetro- and tri- sbye slaams Jual

functional crosslinkers) . ) )

Microspheres and ngnospheres (polymeric and (ke 5 00k 3 Layisg Sn g laydsil
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Cleavable reagent systems

Chemoselective ligation: bioorthogonal
Buckyballs, fullerepes, and carbon nanotubes
Fluorescent probes
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Bioconjugate applications

Antibody modification and conjugation
Enzyme modification and conjugation
Preparation of colloidal gold-labeled proteins
Bioconjugation in the study of protein
interactions
Nucleic acid and oligonucleotide modification
and conjugation
Preparation of liposome conjugates and
derivatives Lﬂ

Avidin-biotin systems
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Williams, R. (2016)| Surface modification of biomaterials (Methods, analysis and applications).
Woodhead Publishing Limited.
Hermanson, G. T. (2013). Bioconjugate techniques. Amsterdam: Acad. Press.

Birdi, K. 8. (2010). Surface and colloid chemistry: Principles and applications. Boca Raton: CRC
Press.

Vadgama, P. (2005)] Surfaces and interfaces for biomaterials. Boca Raton, FL: CRC Press.
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¢ Optimal physicochemical
(size, surface charge, shapd

characteristics of NPs
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(.... g JS.:)

e Invivo degradation of nafostructures
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® Biocompatibility and tox

city of nanostructures
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® Passive targeting drug delivery systems
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e Active targeting drug delivery systems
(targeting with antibody, aptamer, nucleic acid,

enzyme, proteins, biotin)
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¢ Nanostructures for injection medicine
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¢ Nanostructures for oral medicine
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eNanostructures in transdermal drug delivery

systems
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Therapeutic nanostructures for pulmonary drug

delivery
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e Nanostructures for ocular

drug delivery system
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® Drug delivery to cancer cells
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1- Kesharwani P. (2019). Nanotechnology-based targeted drug delivery systems for lung cancer.
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4- Grumezescu, A. (2017). Nano- and microscale drug delivery systems, design and fabrication.
Elsevier publication.

5- Mishra, V., Kesharwani, P, Amin, M.C.M., Iyer, A. (2017). Nanotechnology-based approaches for
targeting and delivery of drugs and genes. Academic press.

6- Grumezescu, A. [(2017). Multifunctional systems for combined delivery, biosensing and
diagnostics. Elsevier publication,

7- Andronescu, A., Mihai, A. (2017). Nanostructures for drug delivery, a volume in micro and nano
technologies. Elsevier publication

8- Zhang, X., Cressw%ll, M. (2015). Inorganic controlled release technology. In materials and concepts
for advanced drug formulation. Butterworth-Heinemann publication.

9- Doneve, R. (2015). [Protein and peptide nanoparticles for drug delivery. Academic press.




9903 9 (g0 Slidudilo s yd (oo )b ol
Molecular and Biomolecular Machines : ;5> oSl oU

Y :""15 Slaas

S A Wl ggl
Sk e gy
Syl iy

RY CVER WX R YW |

ERR JECRY
0035 (Slgpamms 50 (JUge (Sleniile g oalEud ¢ Yramns ilos b L)
H9550 sloile Joo pandlo b lisl-Y
98 Shiadle Jas puodlSa b sl
Sl Sloreils Jos gl b slial-$

» Importance of translational, configurational N T PP X CPI GRRTNCH FCROVS By
entropy of water
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» Biological self-assembly processes ] . <.
+ Biological orderingErocesses i U
* Basic concept of entropically driven self- odls gz aslalugs glaon] 3l sl b pgrie ¢

assembly processes
+ Solvent crowding
* Protein folding
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*  Pressure and cold denaturating of a protein P pSly e
* Modeling water TP JRE STRUR R
* Roles of potential of mean force in ordering
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processes
» Potential energy
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e Molecular machines LA PP PN PR
» History and overview
. Gen?ral concepts s
* Devices and machings at the molecular level _
+ Nanoscience and nanotechnology Goges podlie
» Biomolecular machines and the brownian - F35ge pdaw joln ptlo g o oSy o
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» Motor theory
+ Natural devices and machines O3l S55> 9 (Isgesm Slesedle

» Artificial molecular devices and machines IFge duylis e
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¢ Biomolecular machines

Actin, cell motility

Kinesin-1
Microtubule dynamics
Proteins and ATP hydrolysis cycle and proton

motive force
Unidirectional movement of myosin head (S1)
along F-actin
Insertion and release of a solute into and from
a biopolymer
Transport of across membrane

Membrane transport proteins

Rotation of central subunit within F1-ATPase
Nano-zippers

Monomeric, dimeri¢ and hexameric helicase
and unzipping of DNA

Nano-motors for packaging of viral genome in
a capsid
Synthesizers
RNA polymerase, DNA polymerase and
ribosome.
Shredding machines
Depolymerases, barrelshaped nanoshredders-
exosome and proteeﬁ:ome.

Machines driven by electro-chemical gradients
and light:
Ton pumps, bacteriochodopsin
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Experimental techniques
X-ray crystallography
Cryo-electron microscopy
Optical tweezers
Magnetic tweezers
AFM
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Theoretical and computational techniques:

Molecular dynamics
Brownian dynamics
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Nano-Bio-mimetics;

Artificial design of molecular shuttles and
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Technology, innovation, and entrepreneurship

Innovative entrepreneurship

The importance [of entrepreneurship in
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Individual and entefprise entrepreneurship
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Entreprenéurship at
entrepreneurial universities
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The concept of innovation and innovation

university and

management
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Start ups
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